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Abstract
To assess the relationship among the underlying mechanisms of induced motion, motion capture, and motion transparency,
directions of the former two illusions in the presence of motion-transparent inducers were examined. Two random-dot patterns
(inducers) were superimposed upon a stationary disk (target), and moved in orthogonal directions. Either a high-contrast target
(for induced motion) or a low-contrast target (for motion capture) was used. The task was to report the perceived direction of
the target. The depth order of inducers was controlled either by adding binocular disparity or by asking the subject to report
subjective depth order. For induced motion, the target appeared to move in the direction opposite to the inducer that had a
disparity closer to the target; when there was no difference in disparity, induced motion occurred oppositely to the ‘vector sum’
of the inducers’ directions. For motion capture, the target was captured by the inducer that subjectively appeared behind. These
results suggest that the underlying mechanism of motion capture utilizes the output from the process for motion transparency,
whereas induced motion has no clear relationship to the output of the process for motion transparency. © 1999 Elsevier Science
Ltd. All rights reserved.
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1. Introduction
‘Induced motion’ is a phenomenon in which a physi-
cally stationary object (hereafter referred to as a
‘target’) is perceived to move in the direction opposite
to another object (hereafter referred to as an ‘inducer’),
which is moving near the former, usually surrounding it
(Duncker, 1938). On the other hand, a stationary object
is sometimes perceived to move in the same direction as
an inducer moving nearby. This phenomenon is called
‘motion capture’ (Ramachandran, 1987).
Induced motion has been studied extensively and it
has been suggested that the underlying mechanisms
exist in several levels of processing (Duncker, 1938;
Post, Shupert & Leibowitz, 1984; Post, 1986; Post &
Heckmann, 1986; Wade & Swanston, 1987; Reinhardt-
Rutland, 1988). Of these, a spatially local neural pro-
cess such as a center-surround antagonism with respect
to motion direction (Tynan & Sekuler, 1975; Anstis &
Reinhardt-Rutland, 1976; Nakayama & Tyler, 1978;
Reinhardt-Rutland, 1981, 1983; Nawrot & Sekuler,
1990) has often been considered as the underlying
mechanism of a spatially local type of induced motion.
This occurs in a spatially limited relationship such as a
small moving pattern superimposed upon a small sta-
tionary target (Fig. 1a)1. The present paper concen-
trates on this type of induced motion.
Similarly, there are various types of phenomena that
are termed ‘motion capture’ (Ramachandran & Inada,
1985; Ramachandran, 1986; Gillam & Broughton,
1991; Yo & Wilson, 1992a; Bressan & Vallortigara,
1993; Mesland & Wertheim, 1996). The present study
1 This type of induced motion occurs even if a stationary frame of
reference such as the contour of the computer monitor is provided,
unlike predictions from the frame-of-reference theory and the subjec-
tive-straight-ahead theory (Duncker, 1938; Post & Heckmann, 1986).
Also, two independent induced motions in different directions can be
elicited simultaneously at two different regions in the visual field,
which contradicts with explanations based on eye movements (c. f
Schulman, 1979).
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Fig. 1. A schematic view of the stimulus configuration of the experiments done (a) by Murakami & Shimojo (1993) and (b and c) in the present
study. (a) A central disk (target) was physically stationary. A sparse random-dot pattern (inducer) was superimposed upon the target and moved
up and down. They were viewed at a certain eccentricity. Motion capture refers to the phenomenon in which the perceived direction of the target
(the gray arrow) is the same as the inducer’s (the black arrow), whereas induced motion refers to the phenomenon in which the perceived direction
is the opposite to the inducer’s. (b) The stimulus configuration used in preliminary observation. A central disk (target) was physically stationary.
Two sparse random-dot patterns (inducers) were superimposed upon the target and moved in directions opposite to each other. They were viewed
at a certain eccentricity, such that either induced motion or motion capture could occur depending on the luminance contrast of the target. The
target had either a high (44%) or a low (2%) luminance contrast. (c) The stimulus configuration used in preliminary observation as well as the
formal experiments. The two inducers moved (oscillated) in directions orthogonal to each other. They were viewed at 4° eccentricity, at which
either induced motion or motion capture could occur depending on the luminance contrast of the target.
concentrates on one type of motion capture reported by
Ramachandran (1987), which, again, occurs in the stim-
ulus configuration shown in Fig. 1a.
The systematic relationship between these two phe-
nomena has been reported by Murakami and Shimojo
(1993). They have found that either of these illusions
could occur in the same stimulus configuration (Fig.
1a), depending on the luminance contrast of the target,
eccentricity, and, stimulus size. Specifically, induced
motion is dominant when the target has a high lumi-
nance contrast, eccentricity is small, and the stimulus is
large in a certain extent, whereas motion capture is
dominant when the target has a low luminance con-
trast, eccentricity is large, and the overall stimulus size
is small. In shorter words, conditions suitable for in-
duced motion and conditions suitable for motion cap-
ture are opposite to each other in the parameter space
examined. On the basis of these findings, they hypothe-
sized that the same neural mechanism underlies these
two illusions: induced motion is a result of the success,
and motion capture is a result of the failure, of motion
detection by differential motion detectors specially de-
signed for the difference in motions between adjacent
regions in the visual field.
This paper studies dissociation between motion cap-
ture and induced motion that supports the idea of an
additional underlying mechanism for motion capture.
In the present paper, a stimulus designed for ‘motion
transparency’ is introduced in the stimulus configura-
tion. When two sparse random-dot patterns are super-
imposed and are moved in directions independent of
each other, one usually perceives two moving sheets in
separate depth planes at the same region of the visual
field (e.g. Qian, Andersen & Adelson, 1994; Murakami,
1997b). This phenomenon is called motion transpar-
ency. The question here is, what happens if a pair of
motion-transparent inducers are used (Fig. 1b,c)? If
induced motion and motion capture were governed by
only the same mechanism, then a stimulus parameter of
motion transparency that affects induced motion
should simultaneously affect motion capture in a sys-
tematic manner. If, on the other hand, there is any case
in which motion capture is described by a different rule
from that for induced motion (i.e. if the two effects not
only appear under complementary stimulus conditions
but also are elicited in a way which cannot be mapped
on a uni-variate stimulus dimension), then one must
consider separate mechanisms for these two illusions.
2. Preliminary observations
The inducer shown in Fig. 1a was tentatively re-
placed by a pair of motion-transparent inducers moving
oppositely to each other, as shown in Fig. 1b. The
luminance contrast of the target, eccentricity, and stim-
ulus size were optimized so that vigorous induced mo-
tion would occur if stimulus configuration were such as
shown in Fig. 1a. However, the target did not appear to
move in any direction when the observer saw the
stimulus shown in Fig. 1b. As perceptual saliency of
motion may be slightly reduced in the case of motion
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transparency compared with unidirectional motion
(Snowden, 1989, 1990), it could be argued that the
motion signals in the motion-transparent inducers
might be insufficient to induce illusory motion of the
target. However, clear induced motion occurred only
with a slight modification of the stimulus configuration
such that the directions of the inducers are orthogonal
to each other rather than opposite (Fig. 1c). In this
case, induced motion occurred in the direction opposite
to the ‘vector sum’, or at least an intermediate direction
between two directions of the inducers2. Thus, the
reason for the absence of induced motion in the case of
Fig. 1b is probably because the vector sum of the
inducers’ motions is zero vector—in other words, two
opposite inducing effects totally cancel each other in
the stimulus shown in Fig. 1b, whatever the underlying
mechanism of this cancellation may be.
Next, the luminance contrast of the target, eccentric-
ity, and stimulus size were optimized for motion cap-
ture. In contrast with the case of induced motion,
motion capture clearly occurred even in the stimulus
configuration shown in Fig. 1b. Although the illusion
was always vigorous, the perceived direction was
bistable: sometimes the target appeared to move up-
ward and sometimes flipped to downward. Even when
the stimulus configuration was changed to the one
shown in Fig. 1c, the direction of motion capture was
still bistable: sometimes one inducer captured the target
and sometimes the other inducer captured the target.
However, many casual observers reported that the
target was usually captured by the inducer that was
subjectively seen behind the other inducer.
These results from preliminary observations indicate
that, in the presence of motion-transparent inducers,
motion capture obeys a rule qualitatively different from
the rule governing induced motion. This is an impor-
tant point, because such a qualitative difference would
suggest the existence of separate underlying mecha-
nisms responsible for these two phenomena. The fol-
lowing formal experiments were conducted to confirm
and extend the phenomenological descriptions men-
tioned above, and to consider possible underlying
mechanisms. The stimulus configuration shown in Fig.
1c was used. In Experiment 1, the depth order of
inducers was manipulated by applying binocular dis-
parity. In Experiment 2, disparities were removed and
the relationship between subjecti6e depth order of the
inducers and the perceived motion of the target was
examined.
3. Experiment 1: effects of disparity-based depth order
of two inducers
3.1. Methods
3.1.1. Subjects
Five graduate students participated. All had normal
or corrected-to-normal vision. All were naive to the
purpose of the experiment.
3.1.2. Stimulus
In a dark room, stimuli were presented on a color
CRT monitor (Commodore 1084S; 320200 resolu-
tion; 60 Hz refresh rate) controlled by a personal
computer (Commodore AMIGA 2000). Images for the
left and right eyes were presented in the left half and
the right half, respectively, of the monitor and brought
to the two eyes 57 cm away via a mirror haploscope. A
chinrest was used to stabilize the subject’s head.
A yellow [CIE (0.35, 0.55)] stationary disk (1° 20% in
diameter) on a gray [CIE (0.25, 0.31)] background (25.4
cd:m2) served as a ‘target’. The luminance of the target
had two varieties. One was much lower (10 cd:m2) than
the background’s, in which condition one could easily
see induced motion (Murakami & Shimojo, 1993). The
other luminance was close to physical equiluminance
(24.4 cd:m2) with respect to the background3. This was
a suitable condition for motion capture to occur (Ra-
machandran, 1987; Murakami & Shimojo, 1993). The
Michelson luminance contrasts of the target in these
two conditions were 44% (for induced motion) and 2%
(for motion capture).
Two moving random-dot patterns were superim-
posed on the target and served as ‘inducers’, as seen in
Fig. 1c. Each pattern was confined within a rectangular
area subtending 48°. Each dot was a black square
(0.1 cd:m2) with a width of 11%. One random-dot pat-
tern was confined in a rectangle rotated 45° clockwise
from vertical and was called a ‘slash’ inducer. The
rectangular random-dot pattern oscillated coherently
(i.e. not just the dots within the field but the rectangular
pattern itself translated to the left and down for ap-
proximately 0.6 s and then went back to the right and
up for the next 0.6 s) at 1° 20%:s along the diagonal axis
45° clockwise from vertical. The other random-dot
pattern was a mirror-symmetric image of the slash
inducer, with respect to the vertical meridian. This
inducer was called a ‘backslash’ inducer. The target and
the two inducers were presented simultaneously, with
the target partly occluded by the superimposed dots.
2 Hereafter, the term ‘vector sum’ (with quotation marks) is
roughly used to refer to this intermediate direction. This does not
necessarily imply that the direction of induced motion is precisely
described as a summation of two component vectors. To determine if
induced motion strictly obeys the vector-sum rule, it is necessary to
conduct experiments on direction identification of induced motion for
various pairs of inducers’ directions, which is beyond the scope of the
present study.
3 No strict equiluminance point for each subject was measured, nor
was it needed, because vigorous motion capture was readily observed
in the target having a physical luminance contrast of 2%, which was
measured by a standard colorimeter giving outputs of the luminance
value as well as CIE coordinates.
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Fig. 2. Results of Experiment 1, for induced motion. The results for different disparity conditions are plotted in separate panels. Relative
frequency (%) of the perceived direction of the target plotted in a polar chart. The directions of the eight polar axes correspond to eight alternative
choices. The disparity conditions are illustrated in the insets. For the sake of clarity, the nearer inducer is illustrated as though it occluded the
farther inducer, although they were actually motion-transparent. The black arrows in the insets indicate the motions of the inducers, and the gray
arrows indicate dominant percepts.
A white cross-shaped fixation point was provided 4°
above the center of the target. The eccentricity of the
target was chosen so as to elicit either induced motion
or motion capture depending on the luminance contrast
of the target.
Binocular disparities of 910 min of arc were intro-
duced to the target and the two inducers, as illustrated
in the insets of Figs. 2 and 3.
3.1.3. Procedure
While the subject was foveating the fixation point, a
stationary target and moving inducers were presented.
The two inducers made four cycles of oscillations. The
subject’s task was to judge in what direction the target
appeared to move during the phase in which the slash
inducer moved to the right and up and the backslash
inducer moved to the left and up. Then all the stimuli
except for the fixation point disappeared and the sub-
ject answered the perceived direction of the target by
choosing one out of eight alternatives: 0, 45, 90,…,
315°, where the rightward direction was set to 0° and
the counterclockwise was positive. The subject indi-
cated the choice by pressing a computer key.
After a considerable number of practice trials, each
subject undertook 10–20 repeated judgments for each
of the twelve conditions ( two luminances of the
targetsix disparity combinations) presented in a ran-
dom order. The data in mirror-symmetric conditions
were merged in the analysis to cancel any undesirable
response bias of each subject toward a particular in-
ducer, though it was actually negligible.
3.2. Results
Figs. 2 and 3 show the relative frequency averaged
across subjects, at which the stationary target appeared
to move in each of the eight directions. Fig. 2 shows the
results for the conditions in which the target had a high
(44%) luminance contrast (suitable for induced motion).
Fig. 3 shows the results for the conditions in which the
target had a low (2%) contrast (suitable for motion
capture). The results for different disparity combina-
tions are shown in separate panels in each figure, as
schematically illustrated in the insets.
3.2.1. Induced motion
When the target had a high luminance contrast (Fig.
2), the perceived motion of the target was predomi-
nantly leftward-downward (225°), downward (270°),
and rightward-downward (315°), as the slash inducer
moved to the right and up and the backslash inducer
moved to the left and up. The perceived direction of the
target was ‘opposite’, in a broad sense, to the directions
of the inducers, hence it seems to be safe to call this
effect ‘induced motion’ in a broad sense.
When the target had zero disparity (Fig. 2a), the
profile was symmetrical about the vertical axis: the
target frequently appeared to move in 270° direction,
and there were considerable numbers of trials in which
the target appeared to move in a 225 and 315° direc-
tion. There was no statistical difference between the
data at 225 and 315° (Wilcoxon signed rank test, z 
0.77, P0.44). Thus, neither inducer had a predomi-
nant effect on the direction of induced motion. It is an
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Fig. 3. Results of Experiment 1, for motion capture. The format is identical to Fig. 2.
interesting point that induced motion seemed to occur
in 270° direction most frequently (although the fre-
quency was not significantly different from the next
most frequent point; Wilcoxon signed rank test, z 
1.27, P0.20). The present study cannot determine
whether it is the ‘vector sum’ of two components of
induced motions or an induced motion by the ‘vector
sum’ of the two inducers.
However, somewhat different profiles were obtained
in other conditions. When the target had an uncrossed
disparity (Fig. 2b), the profiles were not symmetrical
about the vertical axis: the target was more affected by
the inducer having zero disparity, than by the inducer
having a crossed disparity (Wilcoxon signed rank test,
z –2.32, PB0.05). An interpretation may be that the
inducing effect on the target was dominated by the
inducer that was closer to the target in disparity than
the other inducer was. A similar or even clearer ten-
dency was obtained when the target had a crossed
disparity (Fig. 2c); the perceived direction of the target
was strongly biased toward the direction opposite to
the inducer which was closer to the target in disparity
(Wilcoxon signed rank test, z 2.54, PB0.01)4.
3.2.2. Motion capture
When the target had a low luminance contrast (Fig.
3), the perceived motion of the target was predomi-
nantly rightward-upward (45°). The perceived direction
of the target was the same as the direction of one of the
inducers, so the effect would be described as ‘motion
capture’.
The profiles obtained in all disparity conditions (Fig.
3a,b,c) showed considerable deviation from symmetry.
The target tended to appear to move together with the
inducer which had a more uncrossed disparity relative
to the other inducer. Throughout all conditions, the
data at 45° was significantly greater than the data at
135° (Wilcoxon signed rank test, z 2.652.19,
PB0.05).
4. Experiment 2: effects of subjective depth order of
two inducers
The message from Experiment 1 is that the direction
of induced motion is mainly determined by the inducer
which has a disparity closer to that of the target, and
the direction of motion capture is mainly determined by
the inducer which has a more uncrossed disparity rela-
tive to the other inducer. These rules could be described
solely in terms of binocular disparity, because the depth
order was manipulated only by varying disparities.
However, the effect of disparity per se cannot explain
the results of preliminary observation, because induced
motion and motion capture occurred where there was
no binocular disparity. Rather, it is more likely that not
disparity itself but percei6ed depth order (that could be
elicited by various depth cues of two inducers) is a
critical factor influencing the direction of induced mo-
tion and:or motion capture. The next step of this study
is thus to test the applicability of the above rules where
two inducers have no binocular disparity. In Experi-
4 From the results, one might argue that the perceived direction of
the target is predominantly affected by the inducer that has zero
disparity and thus that is seen to be in the same frontoparallel plane
as the fixation point. However, casual observation rejected this
possibility. The absolute levels of disparities in the whole stimulus
were varied by shifting the horizontal positions of the fixation points
in the left-eye and right-eye images and by readjusting one’s vergence
to the new fixation point. As a result, the directions of illusory
motions were always consistent with the results of Experiment 1.
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Fig. 4. A schematic view of the luminance manipulation in Experiment 2. The regions S and S% denote the rectangular subregions which belong
to the slash inducer and do not belong to the backslash inducer. The regions B and B% denote the rectangular subregions which belong to the
backslash inducer and do not belong to the slash inducer. There were three luminance conditions in these regions. In condition 1, S and S% were
brighter and B and B% were darker, than the background. In condition 2, S and S% were darker and B and B% were brighter, than the background.
In condition 3, all had the same luminance as the background.
ment 2, their depth order was not manipulated objec-
tively; instead, the subject was required to report the
subjecti6e depth order of the two inducers. After this
report, the subject was further required to judge the
perceived direction of the target newly added to the
display.
4.1. Methods
4.1.1. Subjects
Six graduate students and eight undergraduate stu-
dents participated. All had normal or corrected-to-nor-
mal vision. All were naive to the purpose of the
experiment.
4.1.2. Stimulus
The equipment was similar to that used in Experi-
ment 1, but the haploscope was not used; the subject
directly viewed the stimulus in the monitor with both
eyes, which resulted in binocular disparity of zero ev-
erywhere. The viewing distance was 57 cm.
Motion parameters were the same as in Experiment
1, except that the luminance of the inducer was manip-
ulated so as to enhance perception of transparency.
Luminances of parts of stimuli were slightly increased
or slightly decreased to mimic two moving plates, one
of which is translucent and superimposed upon the
other (Metelli, 1974; Beck, Prazdny & Ivry, 1984). In
luminance condition 1, the rectangular regions S and S%
in Fig. 4 was slightly brighter (31.2 cd:m2), and the
regions B and B% was slightly darker (19.9 cd:m2), than
the background (25.4 cd:m2). These manipulations real-
ized perceptual transparency based on luminance, and
according to subjects’ introspection, the subjective
depth order of the two inducers were still bistable. (In
one case, they were perceived as a plate of neutral-den-
sity filter in front and a lighter figure behind; in the
other case, they were perceived as a darker figure
behind and a sheet of translucent paper in front, which
had a large amount of reflectance of its own.) Lumi-
nance condition 2 was the mirror image of the condi-
tion 1. In luminance condition 3, S, S%, B, and B% had
the same luminance as the background’s.
4.1.3. Procedure
The first task was to judge the subjective depth order
of the two inducers, and the second task was to judge
the perceived direction of the target just as in Experi-
ment 1. At the beginning of each trial, the two inducers
were presented. They repeated oscillatory motions until
the subject judged which inducer was seen in front
relative to the other inducer, by pressing a computer
key. After the subject’s response, a stationary target
was added in the animation and the inducers made four
more cycles of oscillation and then all the stimuli
disappeared. The second task was basically identical to
the task in Experiment 1, with one exception: the
subject was allowed to abort the trial if the subjective
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Fig. 5. Results of Experiment 2, for induced motion. The results for different luminance manipulations and subjective depth orders are plotted
in separate panels. Six different situations are schematically listed in the top row; otherwise, the format is identical to Fig. 2.
depth order of the inducers reversed during the second
task. As a result, approximately 5% of the total trials
were aborted and excluded from analysis.
There were six different situations, depending on the
luminance manipulations as well as the subjective depth
order, as illustrated in the top row of Figs. 5 and 6. As
in Experiment 1, the data in mirror-symmetric situa-
tions were merged in the analysis.
4.2. Results
Fig. 5 and Fig. 6 show the relative frequency aver-
aged across subjects, at which the stationary target
appeared to move in each of the eight directions. Fig. 5
shows the results for the conditions in which the target
had a high (44%) luminance contrast (suitable for in-
duced motion). Fig. 6 shows the results for the condi-
tions in which the target had a low (2%) contrast
(suitable for motion capture). The results for different
luminance combinations and subjective depth orders
are shown in separate panels in each figure, as illus-
trated in each inset.
4.2.1. Induced motion
When the target had a high luminance contrast (Fig.
5), the perceived motion of the target was predomi-
nantly leftward-downward (225°), downward (270°),
and rightward-downward direction (315°). The profiles
did not show clear tendency of asymmetry with respect
to the vertical axis. Throughout all the conditions, there
was no statistical difference between the data at 225°
and at 315° (Wilcoxon signed rank test, z\1.05,
P\0.29). Thus, neither the inducer seen in front nor
the inducer seen behind had a predominant effect on
the direction of induced motion. Next, there was no
significant difference between the data at 270° and the
next most frequent point, in the condition shown in
Fig. 5a (Wilcoxon signed rank test, z 1.33, P
0.18) and in the condition shown in Fig. 5b (Wilcoxon
signed rank test, z 1.15, P0.25). This indicates
that induced motion occurred sometimes in the direc-
tion opposite to the ‘vector sum’ of the two inducers,
but sometimes in the direction opposite to either one of
the inducers as well. As such, the result might suggest
that motion transparency, if emphasized with lumi-
nance manipulation, slightly affects induced motion. In
the case shown in Fig. 5c, on the other hand, there was
a significant difference between the data at 270° and
any other point (Wilcoxon signed rank test, z 2.22,
PB0.03). This indicates that when there was no cue for
luminance-based transparency induced motion usually
occurred in the direction opposite to the ‘vector sum’.
This tendency might be because the two inducers with-
out luminance manipulation might have looked more
like a single inducer as a result of motion integration of
two different directions (Movshon, Adelson, Gizzi &
Newsome, 1985). This possibility was, however, at odds
with subjects’ introspection that the two inducers were
seen as motion-transparent, not as a single object, even
if there was no luminance manipulation.
4.2.2. Motion capture
When the target had a low luminance contrast (Fig.
6), the perceived motion of the target was predomi-
nantly rightward-upward (45°). The profiles obtained in
all conditions (Fig. 6a,b,c) showed considerable devia-
tion from symmetry about the vertical axis: the target
tended to appear to move together with the inducer
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Fig. 6. Results of Experiment 2, for motion capture. The format is identical to Fig. 5.
which was seen behind the other inducer. Throughout
all the conditions, the data at 45° was significantly
greater than the data at 135° (Wilcoxon signed rank
test, z 2.801.83, PB0.05). Note that the way
of deviation is quite similar to the patterns seen in the
results of Experiment 1 (Fig. 3). Most interestingly, the
direction of motion capture was determined by the
inducer which was subjecti6ely seen behind, even
though the same stimuli were presented (see the insets
in the top row of Fig. 6).
The relative frequencies at which the target was seen
to move upward seem to increase when there was no
cue for luminance-based transparency (Fig. 6c). Indeed,
there was no statistical difference between the data at
45 and 90° (Wilcoxon signed rank test, z 0.45,
P0.65). This tendency was qualitatively similar to the
cases of induced motion shown in Fig. 5. Thus, one
could not deny the possibility of some contribution
from a process that integrates two inducers into a single
pattern motion, although at least phenomenologically
the two inducers were always perceived as two inducers.
5. General discussion
5.1. Possible processing diagram
The results of Experiments 1 and 2 indicate that
motion capture is influenced by percei6ed depth order,
regardless of whether it is determined by binocular
disparity or subjectively. Thus, if the visual system is
assumed to have a processing subsystem responsible for
motion capture and another subsystem responsible for
motion transparency, the motion-transparency process
should send a signal of depth order to the motion-cap-
ture process. If induced motion and motion capture are
mediated by only a single mechanism, the same rule
should hold for induced motion. However, it was found
that induced motion is influenced only by binocular
disparity but not by subjective depth order. Thus, there
is no evidence for a connection between the motion-
transparency process and the induced-motion process.
Therefore, a new scheme incorporating these findings
is that: (1) when the induced-motion process does not
work, motion capture could occur (for both illusions do
not occur simultaneously (Murakami & Shimojo,
1993)); (2) the occurrence of motion capture is never-
theless mediated by a process distinct from the induced-
motion process; and (3) the motion-capture process,
unlike the induced-motion process, receives input from
the motion-transparency process.
5.2. Relationship to pre6ious studies
In the case of induced motion, the perceived direction
of the target was mainly determined by the inducer that
had a disparity closer to the target than the other. This
fact is consistent with Gogel’s ‘adjacency principle’, i.e.
‘‘to decrease perceptual interaction between objects as
they are increasingly isolated from each other in either
depth or direction’’ (Gogel & Koslow, 1972). In their
experiment, two inducers were located in depth, and a
target was located either in the same depth as the near
inducer, in the same depth as the far inducer, or
midway. They found that the direction and magnitude
of induced motion was mainly determined by the in-
ducer in the same depth as the target and, when the
target was located at the middle distance, it was equally
affected by both inducers. Similar results in various
situations of induced motion have been reported (Gogel
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& MacCracken, 1979; Heckmann & Howard, 1991;
Previc & Donnelly, 1993). The adjacency principle has
also been successfully applied to other visual effects
(Gogel & Mershon, 1969; Mershon, 1972; Gogel &
Newton, 1975; Gogel & Tietz, 1976). In the case of
motion capture in the present study, however, the adja-
cency principle was not valid at all, because the target
was captured by the inducer seen behind irrespective of
the disparity of the target itself. Nevertheless, one inter-
esting aspect of the principle should be noted in con-
junction with the case of motion capture. The principle
states that one perceptual consequence such as per-
ceived depth influences another perception such as per-
ceived motion (this is called ‘perceptual interaction’
(Gogel & Koslow, 1972)). This seems to be the case in
motion capture in the present study.
Induced motion was seen as a ‘vector-sum’ direction
of two inducers, when the rule of disparity adjacency
cannot determine which inducer should be predomi-
nant. To the author’s knowledge, it is a novel finding
that two components of induced motions sum together
to yield illusory motion in the ‘vector-sum’ direction.
For actual motion, it is well known that two compo-
nent gratings drifting in different directions presented
simultaneously, forming a ‘plaid’, sometimes elicit a
single perceived motion in a predictable direction
(Adelson & Movshon, 1982; Movshon, Adelson, Gizzi
& Newsome, 1985; Yo & Wilson, 1992b). Indeed,
Wilson and his colleagues suggest that the perceived
motion is well described by the vector summation of
Fourier motion components and its interaction with
non-Fourier motion at blobs (Yo & Wilson, 1992b;
Wilson, Ferrera & Yo, 1992; Kim & Wilson, 1993;
Wilson & Kim, 1994a,b). Further, the vector summa-
tion of one actual motion and one induced motion has
also been reported (Gogel & Tietz, 1976; Wallach,
Bacon & Schulman, 1978; Post & Heckmann, 1986). In
their experiments, the perceived motion path of vertical
induced motion changed to a tilted direction, when the
target itself actually moved horizontally. Indeed, mea-
suring the angle of the tilt has been a useful method to
quantify the magnitude of induced motion.
It is worth mentioning that motion aftereffect has
been reported to occur in the ‘vector-sum’ direction of
adapting stimuli after prolonged observation of two
different directions of motions (Mather, 1980; van
Doorn, Koenderink & van de Grind, 1985; Verstraten,
Fredericksen & van de Grind, 1994; Verstraten, Ver-
linde, Fredericksen & van de Grind, 1994). This charac-
teristic is consistent with induced motion. It is an
interesting similarity that both induced motion and
motion aftereffect (which can be regarded as simulta-
neous and successive, respectively, contrast phenomena)
are illusions in which the visual system misinterprets a
stationary stimulus as moving in the direction opposite
to the inducing (adapting) stimulus or, if there are two
inducers, their ‘vector-sum’.
Murakami and Shimojo (1993) reported a variation
of motion capture that is called ‘position capture’: when
an inducer is kept stationary, a moving low-contrast
target is seen to be stationary. Does the same phe-
nomenon happen using motion-transparent inducers—
what happens if one of the two inducers is moving but
the other is kept stationary? Preliminary observation
revealed that the stationary inducer usually makes the
target to appear stationary if this inducer is seen behind
the moving inducer. Thus, the inducer that is seen
behind determines the perceived motion of the target in
both motion capture and position capture.
5.3. Why behind?
Why is the target captured by the inducer that is seen
not in front but behind? Currently there is no clear-cut
interpretation for this, but several possibilities may be
considered.
The contribution of depth cues should be considered.
Because the inducers were superimposed upon the
target, there was a partial occlusion as a depth cue.
Another depth cue, luminance contrast, may also be
incorporated: low-contrast objects tend to be inter-
preted as further away (O’Shea, Blackburn & Ono,
1994; O’Shea, Govan & Sekuler, 1997; Stoner & Al-
bright, 1998). This may be why the partially-occluded
low-contrast target was grouped with the inducer in the
back. Indeed, in the stimulus configuration in Experi-
ment 2, the subject sometimes reported that the target
was perceived to be embedded in the same depth plane
as the inducer seen behind. This perceptual adjacency
might account for motion capture by the inducer seen
behind. When the occlusion relationship is tentatively
reversed in preliminary observations such that the
target occludes the two inducers, motion capture itself
becomes weaker because the contour of the target was
clearly discernible by the accretion:deletion cue of mov-
ing random dots. As such, the possibility for interac-
tions between perceived depth and perceived motion
has not yet been tested empirically. However, motion
capture in Experiment 1 could not be well explained by
perceived depth per se. The target having a crossed
disparity in Experiment 1 was, even though it appeared
to be floating in front, captured by the inducer seen
behind (the magnitude and variance of the perceived
depth of the target was not measured, though).
Speculation on functional aspects about motion cap-
ture by the inducer seen behind could also be discussed.
One possibility is that the underlying mechanism of
motion capture might play a role in grouping scenes
other than the most distinctive object. In the stimulus
configuration of this study, the most distinctive one
might be the inducer seen in front. Assuming that those
which do not have strong motion signals could not
belong to the most distinctive object, a low-contrast
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target would not belong to the inducer seen in front,
and would be grouped into less distinct scenes such as
the inducer seen behind. This possibility is, however,
post hoc and its functional significance is less convinc-
ing. Another possibility is that motion capture in the
presence of two inducers might be useful in separating
the motion of a specular reflectance of an object from
the motion of its textured surface. Either the motion of
light source or the change of the surface orientation of
an object would move a specular on the surface, usually
in a direction independent of the motion of the textured
object itself. Because the motion of a specular has to be
computed separately from the computation of motion
of the texture pattern, the situation is similar to the
problem of motion transparency in general—to decom-
pose motion signals into two superimposed motions,
one in front (specular) and the other behind (texture). If
it could be further assumed that the prior probability of
texture’s being equiluminant is generally higher than
the prior probability of specular’s being equiluminant,
then it might be reasonable to say that the motion of an
equiluminant target is attributed to the back. However,
this possibility does not fully explain the results of the
present study, because it is not easy to imagine a
specular in the shape of a black random-dot pattern
like the inducer used in this study. As such, the func-
tional role of motion capture by the inducer behind is
currently only speculative and inconclusive.
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